.2 of ACI 318, which cover development and lap splice design of straight bars in tension. In addition to provisions for conventional reinforcement, the proposed changes also include provisions for high relative rib area reinforcement.
RECOMMENDED PROVISIONS and COMMENTARY 1.0-Notation

A tr
= total cross-sectional area of all transverse reinforcement that is within the spacing s and crosses the potential plane of splitting through the reinforcement being developed or lap spliced, in. 2 2.1.1 When the load factors and strength reduction factors in Appendix C of ACI 318-05 are used, the development length l d shall be reduced by multiplying by 0.85.
2.1.2
In all cases, l d shall not be less than the larger of 16d b or 12 in. (300 mm).
2.1.3
The values of f c ′ 1/4 used in these provisions shall not exceed 11.25 psi (3.25 MPa) for normalweight concrete or 10 psi (2.9 MPa) for lightweight concrete.
2.1. 4 The values of used in these provisions shall not exceed 126 psi (10.5 MPa) for normalweight concrete or 100 psi (8.3 MPa) for lightweight concrete. 
in which shall not exceed 4.
The factor ω shall be taken as 1.0 or calculated as
The transverse reinforcement index K tr ′ shall be calculated as 
Other cases (in.-lb)
The bar diameter factor t d shall be calculated as
Alternatively, it shall be permitted to take K tr ′ = 0 as a design simplification, even if transverse reinforcement is present.
Using a value of c min that is less than the actual value shall be permitted when calculating l d . The same value of c min shall be used when calculating ω and c b .
R2.0-Development of deformed reinforcing bars in tension
The general development length equation (Eq. (2-1)) is based on work reported by ACI Committee 408. 2 Equation (2-1) is a reliability-based expression that produces a probability of failure in bond equal to approximately 1/5 of the probability of failure of a reinforced concrete beam in flexure. This is in contrast to the general development length equation in ACI 318-05 that produces a probability of failure in bond that is approximately equal to that of a flexural failure.
2,3
The higher proposed level of reliability is based on the brittle nature of a bond failure.
These provisions do not include the reinforcement size factor that is used in ACI 318-05 to reduce development and splice lengths of No. 6 (No. 19) and smaller bars because, as demonstrated in References 2 and 3, the application of such a factor provides very poor reliability.
Analysis of a database of development and splice specimens 2, 3 supports the use of f c ′ 1/4 to accurately represent the contribution of concrete strength to bond strength for bars not confined by transverse reinforcement and the use of f c ′ 3/4 (shown as the product f c ′ 1/4 × ) to represent the contribution of concrete strength to the additional bond strength provided by transverse reinforcement. Further details are presented in Reference 2.
The limitations on the values for f c ′ 1/4 and are applicable for compressive strengths exceeding 16,000 psi (110 MPa) for normalweight concrete and 10,000 psi (69 MPa) for lightweight concrete. These limits reflect the upper range of test data available for epoxy-coated 3, 4 as well as uncoated reinforcing bars at the time that these recommendations were developed.
The upper limit of 4 for the term (c b ω + K tr ′ )/d b is based on the upper limit of confinement for which a splitting failure will occur. Higher values of confinement will not provide a commensurate increase in bond strength. This limit is higher than the upper limit of 2.5 that is applied to the term (c b + K tr )/d b in ACI 318-05.
The 0.85 factor in Section 2.1.1 is introduced when the load factors and strength reduction factors in Appendix C of ACI 318-05 are used. This is done to maintain a level of reliability for bond that is consistent with the more conservative combination of load factors and tension strength reduction factor φ employed in the Appendix. In other words, to maintain the same reliability, using the load factors in Chapter 9 of ACI 318-05, in conjunction with the continued use of φ = 0.9 for flexure and tension, requires the use of lap splice and
development lengths that are 18% longer than are required when using the higher load factors in Appendix C of ACI 318-05 with the same value of φ. 93 4000 ( )
62 4000 ( )
60,000
in a requirement to increase, rather than decrease, l d ; this occurs because the denominator in Eq. (2-1) is constant, while the numerator increases as ω decreases because c max (the spacing between bars) is constant and c min = c bb is increasing. If a lower than actual value of c min is used, it must be used to calculate c b as well as ω. However, the product ψ t ψ e need not be taken greater than 1.7. λ = lightweight aggregate concrete factor When lightweight aggregate concrete is used......... 1.3 However, when f ct is specified, λ shall be permitted to be taken as 6. 
2.4-The
Fig. R2.1(d)-Test/calculated ratios versus compressive strength for bars confined by transverse reinforcement (1 psi = 6.895 kPa).
that the proposed provisions produce a better match with the test results than do the provisions of ACI 318 (that is, more reliable results with less scatter). For the comparison shown in Fig. R2.1(a) , 17% of the test/calculated ratios for ACI 318-05 fall below 1.0, compared with 7% for the proposed criteria. Figure R2 . 1(b) shows the relationship between the test and calculated values using ACI 318 without the maximum limit on of 100 psi (8.33 MPa) (equivalent to a maximum usable compressive strength of 10,000 psi [70 MPa]), ACI 318 with the required maximum cutoff, and these provisions. The test-calculated ratio is shown to drop with increasing compressive strength for the basic relationship in ACI 318, but to be essentially independent of compressive strength for ACI 318 once the maximum value on is applied, thus emphasizing the importance of the upper limit on when applying the provisions in ACI 318-05. The trend line based on these provisions is even less sensitive to . Figure R2 .1(c) and (d) show similar results for bars that are confined by transverse reinforcement. In Fig. R2.1(c) , 23% of the test/calculated ratios for ACI 318-05 fall below 1.0, compared with 6% for the proposed criteria. Table R2 .1 compares development lengths for Grades 60 and 75 (414 and 517 MPa) bars based on ACI 318-05 (with a reinforcement size factor of 1.0) and these provisions R3.1-Although tests demonstrate that splice strength where (A s required)/(A s provided) < 1 is conservatively represented by the modification factor in 2.5, this factor is not used to increase the level of reliability of lap splices. when all bars are spliced at the same location. Historically, however, a factor of 1.3 has been used for Class B splices to encourage less congested reinforcement details and to improve reliability. 1 A value of ω = 1.0 is used here for the same reasons when K tr ′ /d b is less than 1.0 and more than one-half of the reinforcement is spliced at one location. The development length l d properly reflects the required splice length for walls provided that the top bar factor of 1.3 is employed. There is no need to also require a Class B splice, as has been done in the past for walls where all bars are spliced at the same location.
3.2-Lap
3.3-Lap splices in tension tie members are permitted using a Class C splice, provided
• no more than one-half of the bars are spliced at any one location, • c min is at least 1.5d b , and • A tr /sn is at least d b /20 with a ninety degree or greater bend in the transverse reinforcement confining each spliced bar. R3.3-Although splicing of tension tie members with lap splices has not been permitted since the introduction of ACI 318-83, 8 it is, in fact, done in practice. With proper confinement of splices in tie members, it has been shown 9 that such members can behave very well, even under cyclic loading conditions. B splice lengths, expressed as l d /d b , for ACI 318-05 Additional discussion of Section 3.0: Table R3 .2 compares lap splice lengths for Grade 60 and 75 (414 and 517 MPa) bars based on ACI 318-05 with those based on these provisions. As shown in the table, setting ω = 1.0 produces splice lengths that are approximately equal to Class B splice lengths under ACI 318-05. Because the equations in Section 2.2 are based on ω = 1.0, the development lengths calculated with this section automatically equal Class B splice lengths under these provisions. ACI 318-05 requires that Class B splices must be used when A s provided is less than twice A s required or when more than 50% of the bars are spliced at one location. The result is that Class B splices are used in the majority of cases under the provisions of ACI 318-05. Because the development lengths required by these provisions are, in typical cases, longer than required by ACI 318-05, splice length and development length can remain the same under these provisions with no loss in reliability. Longer lap splices are required for tension members under Section 3.3, where a factor of 1.25 is used. A r πd b s r -------------= the bond strength of conventional reinforcement. 2, 3, 6 For f c ′ >10,000 psi (70 MPa), ψ e = 1.5, as it is for conventional bars.
To employ this section, the specification for reinforcing bars, ASTM A 615/A 615M, 4.2.4-The average rib width shall be less than or equal to one-third of the average rib spacing.
R4.2-A high relative rib area bar is defined as a reinforcing bar with R r greater than or equal to 0.10, while conventional reinforcement typically has relative rib areas of 0.06 to 0.085. Based on available experimental results, the use of these provisions is limited to a maximum value of R r = 0.14. Furthermore, consistent with the smallest spacing used in tests, the rib spacing s r may not be less than 44% of the nominal bar diameter as indicated in 4.2.3. A lower limit on the width of the concrete between ribs is indirectly prescribed in 4.2.4 to avoid having a reduction in bond capacity due to a local shear failure of the concrete between the ribs. The variables in 4.2.4 are illustrated in Fig. R4.2 . For calculating the average rib width, the width at 0.75 of the rib height, as illustrated in Fig. R4.2 , was chosen for use in the recommended supplement to ASTM A 615 due to the possible presence of rounded corners on the ribs.
Reinforcing bars with X or diamond deformation patterns may not be used on high R r bars because their bond properties are markedly lower than bars with parallel ribs. The bamboo pattern for ribs (ribs oriented at 90 degrees to the bar axis) are also excluded by the angle restrictions adopted on high R r bars because of problems associated with the bending of conventional bars with this rib orientation.
4.3-The limitations in 4.2 shall be waived where it is demonstrated by tests that other deformation configurations provide bond strengths commensurate with 4.1. The average rib width shall be less than or equal to one-third of the average rib spacing.
S.2-Relative rib area S.2.1
The relative rib area R r is the ratio of the projected rib area normal to the bar axis to product of the nominal bar perimeter and average center-to-center rib spacing. The value of R r should be specified by the purchaser. 3 The average height of deformations shall be determined from measurements made on not less than two typical deformations on each side of the bar. Determinations shall be based on five measurements per deformation, one at the center of the overall length, two at the ends of the overall length, and two located halfway between the center and the ends. The measurements at the ends of the overall length shall be averaged to obtain a single value and that value shall be combined with the other three measurements to obtain the average rib height h r . Deformation height shall be measured using a depth gauge with a knife edge support that spans not more than two adjacent ribs. Alternatively, it shall be permitted to use a knife edge that spans more than two adjacent ribs, in which case the average rib height shall be multiplied by 0.95 prior to use in Eq. (S-1).
S.2.4
The average rib width shall be determined from measurements made on not less than two typical deformations on each side of the bar. Determinations shall be based on three measurements per deformation, one at the center and one at each end. The measurements shall be taken at three-quarters of the rib height at each location. The average of the measurements at the ends shall be averaged with the center measurement to obtain a value for the one side of the deformation. 
S.3-Type of steel
S.3.1 All bars produced to these supplementary requirements shall be identified by the letter H, in place of the letter S specified in 20.3.3, indicating that the bar was produced to meet both the specification and these supplementary requirements. 
